economy-including a number of significant currency devaluations-inflation rates declined, and the economy strengthened during the mid-1990s, though it fell into crisis again during the late 1990s and appears to have recovered only slightly since then. Agriculture's share of total GDP fell from 12.3 percent in 1970 to 5.8 percent in 2002 (Table 10 .1). In 2002, 15.6 percent of the labor force worked in the agricultural sector (FAO 2005) .
Traditionally, the Brazilian government has pursued import-substituting industrialization policies, despite the country's abundance of natural resources and comparative advantages in agricultural and wood products. Following the tradeliberalizing policy reforms introduced in the early 1990s, production and productivity in crop and livestock products have increased substantially (EIU 1998) . Brazil is a significant exporter of several agricultural products. However, the share of agricultural goods in total merchandise exports decreased from 71 percent in 1970 to only 23 percent in 2000. The main agricultural export commodities were sugarcane, coffee, and soybeans, which accounted for 17, 14, and 9 percent of total agricultural export revenues, respectively. Brazil is the largest coffee producer in the world and the second-largest producer of soybeans (following the United States) and sugarcane (following India). Soybean production has increased substantially in recent years, replacing production of other food crops such as beans and rice (EIU 1998 and IBGE 1999) .
Historical Developments and Current Structure of Agricultural Research Historical Developments
Formalized agricultural research began in Brazil in the mid-1800s with the establishment and operation of two imperial research institutes, one in Rio de Janeiro and one in Bahia. 3 In 1887, the federal government established the Imperial Agronomic Station of Campinas. 4 This station was transferred to the state government of São Paulo only a few years later and renamed the Agronomic Institute of Campinas (IAC), which still exists today. Following a period of deterioration of existing agricultural research facilities (with the exception of IAC) at the end of the 19th century, a number of agricultural research institutes and experiment stations were established and coordinated by the government. Mostly located in the richer states, these focused on export crops like cotton and sugarcane. The world economic crisis of the 1930s, collapsing coffee prices, and the subsequent shifting emphasis of the Brazilian economy from agriculture to industry led to several rounds of reorganization of the Federal Ministry of Agriculture and the Secretariat of Agriculture of the In 1973, following an evaluation of the federal agricultural research system by a special committee appointed by the minister of agriculture, Embrapa was created as a public corporation, a status that gave it more freedom in its financial and human-resource policies. During its early years, Embrapa focused on applied research, which was undertaken in national commodity and regional centers throughout the country. During the 1970s and early 1980s, funding for Embrapa increased markedly, and the agency achieved significant research results. But, beginning in the mid-1980s, the government suffered a series of financial crises, which resulted in severe budget cuts for most public agencies. During the 1990s, Embrapa underwent two major reorganizations under new boards of directors. The changes involved, among other things, refocusing the agency's research priorities toward the perceived needs of Embrapa's clients and end users, decentralizing some administrative management aspects, and strengthening collaborations at the national and international levels.
During the 1960s, agricultural research by state governments was insignificant except in São Paulo, Rio Grande do Sul, and Pernambuco. In São Paulo, four additional state agricultural research agencies were established during the 1960s, bringing the state's total to six and forming the largest state agricultural-research system in Brazil. 5 During the 1970s and continuing into the 1980s, Embrapa stimulated the creation of state corporations for agricultural research based on its own (semipublic) model, which allowed greater flexibility in management practices. As a result of the aforementioned financial crises, state support for agricultural research declined after the mid-1980s. Most states suffered from financial crises and poorly managed public institutions, and the return to democracy in 1986 politicized many of the state governments in ways that negatively affected agricultural research agencies, especially in the northeast-the poorest region of the country (Alves 1992) . As a result, over the ensuing years, a number of state agricultural research agencies were closed or merged with state extension agencies.
The first agricultural school to have a significant research program was the Luis de Queiroz Higher School of Agriculture, which was located in the state of São Paulo and began operating in 1901. In 1960, Brazil had 12 higher schools of agriculture and 8 veterinary schools, but none undertook much research. This situation changed in 1963, when an intensive collaboration began among four Brazilian and four U.S. universities, financially supported by the U.S. Agency for International Development (USAID).
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Current Structure of Public Agricultural R&D
The organization of agricultural R&D in Brazil is complex, partly because of the size of the system and the number of agencies involved and partly because of the involvement of both the federal and state governments. 6 each with a distinct mandate. São Paulo's agricultural R&D agencies are being reorganized, and plans also exist to make the São Paulo Agency for Agribusiness Technology (APTA), which coordinates the state's agricultural research, an autonomous agency with some degree of independence from the state government, again to create flexible management practices and attract private funding. As of 2003, the future of the state agricultural research agencies was unclear. Only a few state agencies have sufficient resources for effective research, and several agencies that were amalgamated with their respective state agricultural-extension services now appear to focus on extension more than research. Further, state governments are becoming less willing to fund the state institutes because they feel that agricultural research is primarily the federal government's responsibility, through Embrapa. In an effort to overcome the state agencies' financial and operational difficulties, Embrapa is assisting the state agencies in developing new institutional arrangements.
Brazil has a substantial number of universities, with over 100 faculties or schools of agricultural sciences that conduct research. Most of these are federal and state universities; only a few of the private universities offer training and research in the agricultural sciences (Alves 1992) .
We identified five Brazilian nonprofit institutions engaged in agricultural research in the late 1990s. The Cooperative for Sugarcane, Sugar, and Alcohol Producers of the State of São Paulo (COPERSUCAR) is a cooperative of 36 sugar mills located in São Paulo, including a technical center that conducts sugarcane breeding, postharvest research, and technology transfer activities. The Fund for Citrus Plant Protection (FUNDECITRUS) is financed by a tax on citrus production; it monitors citrus health and funds citrus research projects conducted by various Brazilian agencies. It also conducts its own research at its Citrus Research Center (created in 1994) in collaboration with various national and international agricultural organizations (FUNDECITRUS 2001) . The Rio Grande Rice Research Institute (IRGA) primarily conducts rice research but also undertakes some research on maize, sorghum, and soybeans. Two other nonprofit institutions conducting agricultural research are the Foundation Center for Wheat Experimentation and Research (FUNDACEP) and the Central Agricultural Cooperative for Technology Development and Economics (COODETEC), which are linked to and financed by producer organizations in Rio Grande do Sul and Paraná, respectively. Both these agencies conduct research on corn, wheat, and soybeans; COODETEC also conducts cotton research.
Brazilian Public Agricultural Research Investments
In 1996, public agricultural research investments totaled $1.3 billion (in 1999 international prices) 8 in a 57-agency sample, employing a total of 4,620 full-time equivalent (fte) agricultural researchers (Table 10 .2). The 28-agency sample for higher-education institutions developed by included most of the important agricultural research agencies, but we suspect we missed about one-third of the total fte agricultural researchers working in Brazil's higher-education sector. Scaling up our estimated national totals to account for missing higher-education data brings the total fte agricultural researchers to 4,895 and total spending to $1.4 billion. 9 In contrast to the situation in some other Latin American countries, such as Mexico, Costa Rica, and Honduras, government agencies in Brazil accounted for the majority of the agricultural research investments and researcher numbers . In 1996, $1.1 billion of the $1.4 billion total public agricultural R&D spending (adjusted for missing higher-education agencies) was spent by government agencies; Embrapa accounted for 58 percent of the total public agricultural spending, the state agencies for 20 percent. We estimated that our sample included about two-thirds of the fte research staff employed at higher-education agencies; hence we estimated expenditures for these agencies based on average expenditures per researcher for government agencies and nonprofit agencies.These estimates are reflected in the adjusted shares and totals.
The breakdown of fte researchers differs from the institutional structure of agricultural R&D expenditures. In 1996, Embrapa accounted for 43 percent of total fte public agricultural research staff and 58 percent of total spending, while state agencies had 36 percent of the fte researchers and 20 percent of the expenditures. These data reflect Embrapa's generally stronger financial situation compared with the state agencies and the 1996 spike in Embrapa funding resulting from atypical retirement benefits paid out that year.
Trends in Public Investments
Expenditures. Agricultural research spending for a sample of 45 agencies grew substantially in the late 1970s, at an average rate of 9.9 percent per year. Total R&D investments declined slightly during the early 1980s but grew again during the late 1980s and 1990s, at rates of 4.6 and 2.8 percent per year, respectively-well below the rates of the late 1970s (Table 10. 3). Embrapa's total expenditures grew faster than those of the state agencies between 1976 and 1996 (4.1 versus 3.1 percent, respectively), peaking in 1996. After adjusting for inflation, Empraba's total spending in 2000 was 13 percent lower than in 1996. Also, spending by the state agencies declined during the 1996-98 period: total spending for a 19-agency sample contracted by 8 percent. No quantitative information on total expenditures was available for the years following 1998, but they appear to have continued to decline.
Researchers. Between 1976 and 1996, the total number of fte researchers employed by the 45 public agricultural R&D agencies in the sample reported here grew at an average rate of 2.3 percent per year (Table 10 .4). The institutional distribution of agricultural researchers has changed comparatively little in Brazil since the mid-1970s. By contrast, in other countries in the region (such as Colombia and a number of Central American countries), the higher-education sector and other (often nongovernment) agencies now employ a significantly larger share of total agricultural researchers. 11 While the institutional distribution of agricultural researchers remained fairly constant, educational levels of researchers have changed substantially since the mid-1970s. In 1996, more than half of the fte researchers in Brazil were trained to the M.Sc. level, and close to one-third held doctoral degrees. These shares are higher than those in other Latin American countries in the same year. For six countries in a ten-country Latin American sample, fewer than 40 percent of the researchers held postgraduate degrees in 1996 . The 1996 picture for Brazil is very different from two decades earlier, when only a quarter of the researchers (in a 39-agency sample) had postgraduate training (Figure 10.1 staff, because more than one-third of the 1998 research staff (750 researchers) will retire before 2008 (Embrapa 1999a) .
Spending per scientist. Because the growth rate of real research spending was higher than the corresponding rate of growth for the total number of fte researchers, spending per scientist increased by about 50 percent between 1976 and 1996 (Figure 10.2) . In general, the trends in spending per scientist showed the same erratic nature as trends in total spending, with two spikes in the early 1980s and 1990s.
Average expenditures per researcher in Brazil were considerably higher than in other Latin American countries (with the exception of Chile). In 1996, spending per scientist in Brazil was $290,000-more than three times the average in Central America, for example . 13 Within Brazil there were substantial differences among the various institutional categories. Embrapa's spending per scientist, at $396,000 in 1996, was more than 266 BEINTEMA, PARDEY, AND AVILA Note: We used the data in 
Research-Intensity Ratios
Total public spending as a percentage of agricultural output (AgGDP) helps place a country's agricultural R&D spending in an internationally comparable context and normalizes for changes in the size of a country's agricultural sector over time. According to our adjusted estimates, the public-sector intensity ratio more than doubled from 0.8 percent in 1976 to 1.7 percent in 1996. The growth in intensity has been uneven, however, with significant spikes in 1982 and 1991-93 (Figure 10.3) . Notably, Brazil's agricultural research intensity in 1996 was considerably higher than those in other countries in the region. The Brazilian ratio is moving closer to the lower end of the range observed for developed countries and is comparable to that of such countries as Ireland, Italy, Portugal, and Spain . Since 1996, the intensity ratio has no doubt declined, given the drop in spending by Embrapa and the state agencies, which, combined, account for the preponderance of public agricultural R&D expenditures in Brazil. If expenditures by other public agencies (such as CEPEC, the nonprofit institutions, and the higher- education institutions for which we do not have data) remained unchanged after 1996, Brazil's 1998 intensity ratio would have declined to 1.5; however, it was likely lower in reality because, given Brazil's generally poor economic performance in recent years, spending by most public agencies probably contracted. These trends for agricultural R&D spending per capita and per economically active member of the agricultural population paralleled those for research spending as a percentage of agricultural GDP (Figure 10.4) . Agricultural R&D spending per capita (adjusted for expenditures deemed missing from our sample) increased from $4.7 per capita in 1976 to $7.8 in 1996 (at 1999 international prices). Spending per economically active member of the agricultural population increased more than spending per capita, an unsurprising result given the declining proportion of farmers in the total population. Agricultural R&D spending per capita of economically active agricultural population was $101 in 1996, compared with only $33 in 1976 (at 1999 international prices). By comparison, in 1996 Colombia spent $4.2 per capita and $45 per capita of economically active agricultural population on agricultural R&D, well below the corresponding Brazilian figures (Beintema, Romano, and Pardey 2000) .
Private-Sector Involvement
Brazil has an active and growing private sector, providing technologies and technical services mainly concerned with farm inputs (including agrichemicals, animal feeds and breeding services, fertilizers, seeds, veterinary medicines, and machinery) and food processing. There is little specific information available on the local research underpinning these technologies, but the qualitative responses to our surveys, combined with other sources, imply that many of the technologies represent spillins to Brazil from research done elsewhere. Some of the national seed companies conduct some research in Brazil, much of which involves local testing and screening of improved germplasm developed elsewhere. Since the mid-1990s, a considerable number of these national seed companies (especially those marketing corn and soybeans) have been taken over by multinational corporations.
The 11 firms from which we received survey responses employed an estimated total of 88 fte scientists and spent $28 million (Table 10 .5). We identified 27 additional firms 15 that probably provide input technologies or technical services to production agriculture or are involved in postharvest (mainly food-processing) activities, but a sizable share of the relevant technologies is developed outside Brazil. 16 We estimate that the 11 private companies in our sample accounted for about half 270 BEINTEMA, PARDEY, AND AVILA the total agricultural R&D spending and fte researchers working in the private sector in 1996.
After adjusting for these omitted private agencies, we estimate that in 1996 agricultural R&D spending by private firms totaled $56 million, which was 4 percent of the $1.5 billion of total (public and private) spending that year. This figure is considerably higher than the corresponding shares in most other Latin American countries for which we have data ) but less than onetenth of the average share of 52 percent for developed countries in 1995 .
Funding for Agricultural Research
Despite the development of some new funding sources and mechanisms, agricultural research in Brazil remains heavily reliant on government sources. Between the mid-1970s and the mid-1990s, funding for agricultural R&D generally increased. Since then, financial support to Embrapa and the state agencies has contracted significantly. Spurred by these declines, Embrapa examined options for a new mechanism to finance the agricultural research conducted by federal and state government agencies. The main proposal under consideration was the creation of a voluntary tax for research and promotion, to be sanctioned by statute and based on the "check-off " (levy) programs used in other countries, such as the United States and Canada. This program, dubbed the voluntary tax for technology development (AGROMAIS), had as one of its objectives to increase the role of the private sector in financing agricultural technology development (Portugal et al. 1999 ). However, the proposal failed to obtain government backing.
In part, this initiative targeted to agricultural R&D funding was overtaken by a much broader-ranging policy initiative to develop a Brazilian innovation law. The law, which received congressional approval in December 2004, came into force in mid-2005, but, as of early 2006, awaits regulation intended to provide the legal framework to improve the country's capacity to generate and commercialize technology. The law deals directly with incentives to foster cooperative links between public scientific and technological institutions (STIs) and the private sector. It gives STIs more flexibility to negotiate technology licensing agreements and to strike deals with private enterprises for use of public labs. Public researchers will be free to work for other STIs for the time it takes to conclude joint projects, while continuing to receive their regular salaries, and can also request special leave without pay if they opt to become involved with a start-up company to further develop their technologies (Páscoa 2005) .
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Funding Support at Government Agencies
Embrapa. In nominal terms, direct funding for Embrapa (detailed below) increased from 1986 to 1996, with some marked fluctuations, but total funding has declined in more recent years. In 2000, Embrapa's direct funding was $583 million (in 1999 international dollars), 20 percent lower than the 1996 comparable total (Table 10.6 ). This decline occurred in all four funding categories but was higher for nongovernment than for government funding. In 2000, 94 percent of Embrapa funding came from government sources, highlighting the agency's continuing dependence on the government. In addition to Embrapa's line-item funding in the national budget, its direct funding includes grants and contracts with other federal agencies and other institutions, plus license income and revenues from sales of produce, seeds, and so on. Embrapa also receives so-called indirect funds that include donations and payments for publications and events by third parties (as well as scholarship support to researchers not formally employed at Embrapa, such as undergraduate and graduate students or temporary staff ). The amount of indirect funding coming to Embrapa increased during the 1990s, but the share remains small overall (3 to 4 percent of total funding).
Over the years, Embrapa has had three loans from the IDB and four from the World Bank. 17 With the exception of the last World Bank loan, these funds have been used to improve Embrapa's infrastructure and train its research staff. The fourth World Bank loan was approved in 1996, and, in a marked departure from previous practice, 60 percent of the total was earmarked for operational expenses disbursed through a competitive funding arrangement (see next section). In 2004, the Brazilian government completed negotiations on a new loan to Embrapa Agrofuturo, which was financed by the IDB and became operational in early 2006.
State government agencies. The state government agencies in our sample depend primarily on contributions from their respective state governments. In 1996, 81 percent of total funding for a sample of 11 agencies came from governmentmostly state-contributions, with only a small share of funds provided by the federal government through Embrapa . During the early 1990s, total funding for state agencies declined, and the decline appears to have continued in recent years. As mentioned, two state agencies have closed, and others have been merged with state extension agencies; a few others are bankrupt but lack sufficient funding to reconcile their debt. State government contributions are declining and often are sufficient to cover only salaries and basic operational costs like electricity. In recent years, state agencies have become increasingly reliant on funding from nongovernment sources. For example, between 1995 and 1998, IAC received an average of 80 percent of its funding from the state government (77 percent directly and 3 percent by way of a special fund). The remaining 20 percent came from various public and private foundations (Table 10 .7). These funds were used mainly for operational costs but also covered some expenses made for capital improvement and salaries paid to additional research staff (often hired as consultants).
Competitive Funding Mechanisms
In many developing countries, competitive funding mechanisms have been introduced as one of a number of new instruments for disbursing research resources. 18 This has been the case for a number of Latin American countries where diminishing public support for agricultural research, beginning in the 1980s, led to various institutional and policy reforms in the funding of research. Competitive funding mechanisms have gained favor among some policymakers, donors, and even researchers. They are seen as a means of redirecting research priorities, increasing the role of the private and academic sectors in the performance of research, and, perhaps, forging new links among government, academic, and private research agencies. The use of competitive funding has advantages and disadvantages over block grants. Competitive funding mechanisms involve relatively high transaction costs (such as writing and screening proposals) and rent-seeking costs (such as lobbying for support), but could lower the social costs arising from the misallocation of funds. Further, the use of competitive funds tends to increase flexibility, but it often forces a short-term, applied research orientation at the expense of more basic, longer-term research (Echeverría, Trigo, and Byerlee 1996; Echeverría 1998; Alston and Pardey 1999) .
Competitive funding mechanisms have existed in Brazil for some time. Since its inception, Embrapa has disbursed resources to finance projects through a competitive national program open to Embrapa's research centers and all other national public research agencies, including state agencies and universities. This program funds 500 to 600 projects each year. About 95 percent of the funded projects are conducted by Embrapa scientists, although state and higher-education agencies had a larger presence in the program during the 1970s and 1980s. The new IDB loan, which became operational in early 2006, will continue the competitive fund scheme under much the same rules established as part of an earlier World Bank loan (see below), but only Embrapa scientists will be eligible. This change was mandated by the fact that only half the amount proposed ($60 million, not the $120 million sought) was approved.
Agricultural Technology Development Project (PRODETAB).
A World Bank loan of US$60 million was approved in 1996 to support the Agricultural Technology Development Project (PRODETAB) over five years. The funds were matched by an additional US$60 million from the Brazilian government, Embrapa, and various other public and private agricultural R&D agencies. PRODETAB has three components. The largest share supports a competitive funding program (60 percent); 37 percent is earmarked for institutional development and training activities at Embrapa and state government agencies (particularly in the historically weak north and northeast regions), plus the development of international research linkages; and 3 percent supports the administration, monitoring, and evaluation of PRODETAB itself (Reifschneider and Lele 1998) .
The primary objective of PRODETAB is to integrate and diversify the national agricultural R&D system through collaborative research and technology transfer, thereby promoting private-sector participation. Five priority areas were established: biotechnology, natural resource management, small-farm development, agribusiness, and strategic research on high-priority issues not already undertaken by Embrapa's programs (Lele 1998; Lele and Anderson 1999) . 19 By the end of 2000, 4 calls for proposals had been made-1 in 1997, 2 in 1998, and 1 in 1999-resulting in 392 proposal submissions, of which 46 were approved (12 percent). The total approved funding from the four submission rounds was $21.8 million in 1999 international prices (Embrapa 1999b) .
PRODETAB represents a new approach to disbursing Embrapa's research funds, and funds in Brazil more generally, but block funding still predominates. Annual disbursals from the World Bank component of PRODETAB averaged $12 million over the five years of the project, just 2 percent of Embrapa's annual budget and around 1 percent of Brazil's total agricultural R&D expenditures. The PRODETAB funds made available to Embrapa during the period 1997-99 represented only 1 percent of the agency's total funding for that period.
Conclusion
At 1.5 billion (1999 international dollars) in 1996, Brazil accounts for about half the total agricultural R&D investments made in Latin America and the Caribbean and employs the third largest number of agricultural scientists (about 5,000 ftes). Agricultural R&D in Brazil is organizationally complex, encompassing numerous federal and state government agencies, highereducation institutions, nonprofit institutions, and private enterprises. Nonetheless, the public sector is still the predominant agricultural R&D provider in Brazil; by 276 BEINTEMA, PARDEY, AND AVILA our estimates, government agencies accounted for 79 percent of the country's agricultural R&D expenditures in 1996. An increasing amount of agricultural technology appears to be provided by the private sector, but comparatively few of these technologies are the result of private research conducted in Brazil. Among the government agencies, Embrapa dominates, accounting for 72 percent of government agricultural R&D spending. Spending per scientist for the state agencies is about half the comparable Embrapa figure. Both Embrapa and the state government agencies still rely on government sources of support. In 1996, government sources provided about 80 percent of the funds disbursed to Embrapa and the state research agencies. Funding for Brazilian agricultural R&D tends to rise and fall with the general state of the economy. Although funding has increased overall since the mid-1970s, the economic downturns of the early 1980s and the late 1990s saw a commensurate cutback in funding for agricultural R&D.
The intensity of investment in agricultural R&D in Brazil is comparable to that of developed countries, albeit at the lower end of the range. In 1996, Brazil invested $1.70 for every $100 of agricultural output, more than double the 1976 figure and well above the intensity of investment of most other Latin American countries. How agricultural R&D in Brazil fares in the future will depend on continuing government commitment, in the form of policies to encourage the international flows of technologies and technical know-how, sustained support for building and maintaining the country's scientific expertise, fostering economic conditions and protection for intellectual property rights that encourage private participation in R&D, and, perhaps most critically, continuing to fund the basic and strategic science that underpins the private roles in technology generation and transfer. 19. give a more detailed description of the PRODETAB competitive fund.
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